1. Introduction {#s0005}
===============

Small cell lung cancer (SCLC), accounting for approximately 15% of all lung cancers, is a neuroendocrine carcinoma that is clinically characterized by aggressive behavior, rapid growth, spread to distant organs, and poor prognosis [@bib1]. Although the gold standard treatment of SCLC is platinum-based chemotherapy that achieves robust responses in initial treatment, the development of resistance and eventual relapse arises rapidly in the majority of patients [@bib2]. Moreover, there have been no significant advances in the treatment of this disease during the past 30 years. Consequently, the prognosis of SCLC remains poor, with an overall 5-year survival rate of less than 10% [@bib3].

Research over the last several decades has been focused on genetic regulation, as DNA sequencing based strategies have led to the discovery of genetic alterations in lung cancer. In fact, treatments against genetic alterations such as EGFR, EML-ALK, RET, and ROS all associated with non-small cell lung cancer (NSCLC), have been developed and have demonstrated dramatic clinical response [@bib4], [@bib5], [@bib6], [@bib7], [@bib8]. Despite the fact that large scale genetic analyses have been performed in SCLC, numerous molecular approaches targeting genetic alterations in SCLC have failed to demonstrate clinical impact [@bib2], [@bib9], [@bib10], [@bib11], suggesting that a different point of focus should be considered to obtain a better understanding of SCLC. The focus on biological pathways that drive proliferation, survival, and resistance to chemotherapy has recently shifted from genetic to epigenetic regulation. Epigenetic regulation is responsible for the cellular plasticity that could be associated with metastatic ability and acquired resistance to chemotherapy [@bib12]. Therefore, epigenetic dysregulation, resulting in dramatic changes in gene expression, could push tumor cells towards a malignant phenotype.

Histone methylation, which is tightly regulated by lysine methyltransferase (KMT) and lysine demethylase (KDM), is part of a major class of epigenetic mechanism and is critical for gene expression, cell cycle, and differentiation [@bib13]. Lysine-specific demethylase 1 (LSD1)/KDM1 is a flavin adenine dinucleotide-dependent KDM that can remove mono- and dimethylation from histone H3 at lysine 4 (H3K4me1/2), leading to gene suppression [@bib14]. LSD1 has also been recognized as a co-activator mediated by demethylation of histone H3 at lysine 9 (H3K9), leading to gene activation [@bib15], [@bib16]. LSD1 is ubiquitously expressed and recognized as an essential epigenetic regulator of pluripotency in ESCs [@bib17]. However, the molecular mechanism of dual substrate specificity (to H3K4 and H3K9) has remained unknown because structural studies do not support the possibility that LSD1 can mediate H3K9 demethylation [@bib18]. It has recently been discovered that LSD1+8a, which is an alternative LSD1 splice variant, containing a 12-bp exon E8a, is responsible for demethylation of H3K9 [@bib19]. Interestingly, LSD1+8a was reported to be restricted to neural tissues where it plays an important role in neural differentiation [@bib20], [@bib21].

LSD1 is overexpressed in several human cancers including SCLC [@bib22]. However, the expression of LSD1+8a in human cancer has not been reported. Although mechanisms of neural differentiation mediated by LSD1+8a have been investigated, the epigenetic role of LSD1+8a in SCLC has not been elucidated. Proof of neuroendocrine differentiation by immunohistochemistry is not required for the diagnosis of SCLC. However, the majority of these cases display a neural differentiation phenotype, suggesting that genes involved in neural differentiation must have a critical role in SCLC; this could be mediated by LSD1+8a. Herein, we report that LSD1+8a plays an important role in neural differentiation in SCLC.

2. Materials and methods {#s0010}
========================

2.1. Cell culture {#s0015}
-----------------

Small cell lung cancer (SCLC) cell lines, SBC3 and SBC5, were obtained from the Japan Health Sciences Foundation, Health Science Resources Bank (HSRB; JCRB0819 and JCRB0818) and PC9 was kindly provided by Dr. Kazuto Nishio (Department of Genome Biology, School of Medicine, Kinki University, Osaka). SCLC (H69, H446, H187, H82), NSCLC (A549, HCC827, Calu-3, H2170), and cervical cancer cell lines (Hela) were purchased from the American Type Culture Collection. All cells were cultured in RPMI 1640 supplemented with 10% heat-inactivated fetal bovine serum (FBS) and 1% (v/w) penicillin/streptomycin and incubated at 37 °C in a 5% CO~2~ atmosphere. The cells were routinely tested for *Mycoplasma* contamination using the MycoAlert Mycoplasma Detection Kit (Cambrex, Rockland, ME, USA).

2.2. Quantitative real-time PCR {#s0020}
-------------------------------

Total RNA was extracted from cell lines using miRvana miRNA Isolation kit (Ambion, Austin, TX, USA) according to the manufacturer\'s instructions. Total RNA (500 ng) was reverse-transcribed to cDNA using the Revertra cDNA synthesis kit (Toyobo, Osaka, Japan). Quantitative real-time PCR (qPCR) was performed using SYBR Green Master Mix (Applied Biosystems, Foster City, CA, USA). Cycling conditions were as follows: denature hold at 95 °C for 20 s, 40 cycles of amplification (denature at 95 °C for 30 s, annealing and extension at 60 °C for 30 s), and melting-curve analysis. qPCR was performed in triplicate and the expression level of β-actin was used as an internal control. The primer sequences used to analyze the gene expression using qPCR are provided below.

LSD1

Forward, 5′ - TCGGGGCTCTTATTCCTATG - 3′

Reverse, 5′ - ATCGTATGTTCTCCCGCAAA - 3′

LSD1+8a (Ref. [@bib19])

Forward, 5′ - GCTGTGGTCAGCAAACAAG - 3′

Reverse, 5′ - CTCTTTAGGAACCTTGACAGTGTC - 3′

CHGA

Forward, 5′ - TAAAGGGGATACCGAGGTGATG - 3′

Reverse, 5′ - TCGGAGTGTCTCAAAACATTCC - 3′

NCAM

Forward, 5′ - GGCATTTACAAGTGTGTGGTTAC - 3′

Reverse, 5′ - TTGGCGCATTCTTGAACATGA - 3′

SYP

Forward, 5′ - CTCGGCTTTGTGAAGGTGCT - 3′

Reverse, 5′ - CTGAGGTCACTCTCGGTCTTG - 3′

ENO2

Forward, 5′ - AGGTGCAGAGGTCTACCATAC - 3′

Reverse, 5′ - AGCTCCAAGGCTTCACTGTTC - 3′

GRP

Forward, 5′ - ACCGTGCTGACCAAGATGTA - 3′

Reverse, 5′ - TCAGGCTCCCTCTCTCAGAA - 3′

B3CAT1

Forward, 5′ - CTCCTTCGAGAACTTGTCACC - 3′

Reverse, 5′ - GGGTCAGTGAAGCCCTTCTT - 3′

SOX2

Forward, 5′ - TACAGCATGTCCTACTCGCAG - 3′

Reverse, 5′ - GAGGAAGAGGTAACCACAGGG - 3′

POU5F1B

Forward, 5′ - GAGTGAGAGGCAACCTGGAG - 3′

Reverse, 5′ - GCCGGTTACAGAACCACACT - 3′

KLF4

Forward, 5′ - CCCAATTACCCATCCTTCCT - 3′

Reverse, 5′ - ACGATCGTCTTCCCCTCTTT - 3′

MYC

Forward, 5′ - TTCGGGTAGTGGAAAACCAG - 3′

Reverse, 5′ - CACCGAGTCGTAGTCGAGGT - 3′

CD44

Forward, 5′ - TCCCAGACGAAGACAGTCCCTGGAT - 3′

Reverse, 5′ - CACTGGGGTGGAATGTGTCTTGGTC - 3′

PROM1

Forward, 5′ - GGCCCAGTACAACACTACCAA - 3′

Reverse, 5′ - CGCCTCCTAGCACTGAATTGATA - 3′

Actin

Forward, 5′ - CTCTTCCAGCCTTCCTTCCT - 3′

Reverse, 5′ - AGCACTGTGTTGGCGTACAG - 3′

2.3. RNA interference assay {#s0025}
---------------------------

siLSD1+8a \#1 sequence (5ʹ - AACCUUGACAGUGUCAGCUUGUCCG - 3ʹ), siLSD1+8a \#2 sequence (5ʹ - CAAGCUGACACUGUCAAGGUUCCUA - 3ʹ), and control siRNA (50 nM) were transfected into cells using Lipofectamine RNAiMAX (Life Technologies, Inc. Grand Island, NY, USA) according to the manufacturer\'s instructions.

2.4. Western blot analysis {#s0030}
--------------------------

The antibodies used for western blot analysis were anti-LSD1 antibody (1:1000, Cell Signaling Technology, Beverly, MA, USA) and mouse anti-GAPDH monoclonal antibody (1:3000, Wako, Osaka, Japan). Cells were lysed in M-PER (Thermo Scientific, Rockford, IL, USA) supplemented with protease inhibitors (Roche) and phosphatase inhibitors (Sigma-Aldrich, St. Louis, MO). Proteins were separated on a 4--20% polyacrylamide gradient-SDS gel, transferred on polyvinylidene difluoride membranes, and blocked in TBST (Tris-buffered saline and Tween20; 25 mM Tris, pH 7.4, 136 mM NaCl, 5 mM KCl, and 0.1% Tween) containing 5% milk. The antibodies were used at each dilution, as described above, in 5% milk/TBST. Blots were incubated with primary antibodies for 12 h at room temperature. Blots were washed (three times) with 5% milk/TBST and were incubated with the appropriate horseradish peroxidase-conjugated antibodies. Bound antibodies were detected with the ECL Prime Western Blotting System (RPN2232; GE Healthcare, Little Chalfont, Buckinghamshire, UK), and luminescent images were analyzed using a lumino imager (LAS-4000 mini; Fuji Film Inc. Tokyo, Japan).

2.5. Cell proliferation assay {#s0035}
-----------------------------

Cells (1×10^3^) were seeded onto 96-well microtiter plates followed by transfection with 50 nM siLSD1+8a or control siRNA. Cell proliferation assays were performed at 24, 48, and 72 h using WST-8 (cell counting kit-8, Dojindo Laboratories, Kumamoto, Japan). After 4 h, the optical density was measured at 450 nm with a microplate reader (Bio-Rad Laboratories, Hercules, CA, USA).

2.6. Chemosensitivity assay {#s0040}
---------------------------

Cisplatin (CDDP) was purchased from Sigma-Aldrich (St. Louis, MO). The LSD1 inhibitor, S2101, was purchased from Calbiochem (EMD-Millipore, Billerica, MA, USA). Cells (1×10^3^) were seeded in 96-well microtiter plates in the absence or the presence of various concentrations of CDDP and S2101. After 72 h or 7 days of incubation, 10 μl of WST-8 (cell counting kit-8, Dojindo Laboratories, Kumamoto, Japan) was added to each well. After 4 h, the optical density was measured at 450 nm using a microplate reader (Bio-Rad Laboratories, Hercules, CA, USA). The results are expressed as the percentage of cell viability.

2.7. Patient sample collection {#s0045}
------------------------------

Tumor samples were obtained from SCLC patients who visited the Juntendo University Hospital. Patients gave consent before enrolment in the study under the Juntendo University Institutional Review Board (IRB)-approved protocols. All experiments conformed to the principles set out in the WMA Declaration of Helsinki.

2.8. Expression analysis of LSD1 splicing isoforms using public RNA-sequencing datasets {#s0050}
---------------------------------------------------------------------------------------

To examine RNA expression of LSD1 and its splicing isoforms, we downloaded RNA-sequencing (RNA-seq) data from the Cancer Cell Line Encyclopedia (CCLE) using GeneTorrent software ([https://cghub.ucsc.edu/datasets/ccle.html](http://https://cghub.ucsc.edu/datasets/ccle.html){#ir0005}). We obtained binary alignment/map (BAM) format files of the following 14 NSCLC cell lines: A549, DMS53, DMS79, DMS114, DMS153, H69, H82, H209, H446, H510, H596, H1155, SBC5, and SHP-77. The BAM files were visualized and analyzed by the Integrative Genomic Viewer (IGV: [https://www.broadinstitute.org/igv/](http://https://www.broadinstitute.org/igv/){#ir0010}). Given that LSD1+8a is located from base pair 23,392,553 to 23,392,564 (12 base pairs) on chromosome 1, we counted the number of reads containing this region with exact splicing junctions at both ends. Cell lines that expressed more than 10 reads of LSD1+8a were allocated to the \"LSD1+8a expression +\" group (DMS79, H446, H1155, and SHP-77), and those without any reads of LSD1+8a were labeled \"LSD1+8a expression -\" group (A549, DMS114, H69, H209, and SBC5). We then compared these two groups using the Cufflinks (<http://cole-trapnell-lab.github.io/cufflinks/>) analysis software suite. Transcripts were assembled by the Cufflinks program for each cell line, and the obtained transcript information was merged into one file using Cuffmerge software. The Cuffdiff program was used to examine differentially expressed genes and their isoforms, comparing LSD1+8a expression + and - groups.

2.9. Statistical analysis {#s0055}
-------------------------

Before analyzing correlations between neuroendocrine markers, the Smirnov-Grubbs test was used to eliminate outliers. Statistical analysis was performed using a two-tailed Student\'s *t*-test. To compare multiple groups, a one-way analysis of variance (ANOVA) test was applied. Differences between means were considered statistically significant at P\<0.05.

3. Results {#s0060}
==========

3.1. Expression of LSD1 and variant isoform LSD1+8a {#s0065}
---------------------------------------------------

LSD1+8a has been reported to be restricted to neural tissue; to investigate if it is expressed in cancer cells, a database search was performed using the Cancer Cell Line Encyclopedia (CCLE). RNA sequencing data was analyzed in several human lung cancer cell lines, revealing that LSD1+8a was also expressed in a small number of lung cancer cell lines. Although the differences did not reach statistical significance, the expression of neuroendocrine marker genes tended to be higher in cell lines expressing LSD1+8a ([Table 1](#t0005){ref-type="table"}). In contrast, the expression of stem cell marker genes tended to be lower in these cells ([Table 2](#t0010){ref-type="table"}), suggesting that LSD1+8a expressing cells could exhibit neural differentiation. To investigate the expression of LSD1 and LSD1+8a in cancer cell lines, qPCR was performed for 12 human cancer cell lines ([Fig. 1](#f0005){ref-type="fig"}A and C). LSD1 expression was also validated using western blotting ([Fig. 1](#f0005){ref-type="fig"}B). The expression of LSD1 was higher in SCLC cell lines compared to that in NSCLC cell lines and a cervical cancer cell line. Interestingly, LSD1+8a was expressed in only a small subset of SCLC cell lines characterized by a neural differentiation phenotype ([Fig. 1](#f0005){ref-type="fig"}C). LSD1 and LSD1+8 expression was also investigated in 12 human surgical samples from patients with SCLC ([Fig. 1](#f0005){ref-type="fig"}D). Although there was no correlation between LSD1+8a expression and clinical stage in SCLC, LSD1+8a was detected in a small portion of clinical samples.Fig. 1Expression of LSD1 and LSD1+8a in cancer cell lines and human samples. A) LSD1 mRNA expression in SCLC, NSCLC, and cervical cancer cell lines was analyzed by qPCR. B) LSD1 protein expression in SCLC, NSCLC, and cervical cancer cell lines was analyzed by western blotting. GAPDH was used as loading control. The bar graph on the bottom shows relative abundance of LSD1, which was determined by calculating the ratio of LSD1 intensity to that of GAPDH. C) LSD1+8a mRNA expression in SCLC cell lines was analyzed by qPCR. D) LSD1 and LSD1+8a mRNA expression in surgical specimens in patients with SCLC was analyzed by qPCR. Data are presented as the mean±S.D. in triplicate experiments.Fig. 1Table 1Neuroendocrine marker gene expression from RNA sequencing data in the Cancer Cell Line Encyclopedia (CCLE).Table 1**GeneLSD1+8a expression --LSD1+8a expression+Log2P-value(H69, SBC5, H209, DMS114, A549)(H446, SHP-77, H1155, DMS79)(fold change)CHGA17.4070.222.010.020NCAM119.4452.941.450.189ENO20.550.900.710.529SYP17.7855.161.630.077GRP80.94107.830.410.802B3GAT11.7916.423.200.033**[^2]Table 2Stem cell marker gene expression from RNA sequencing data in CCLE.Table 2**GeneLSD1+8a expression --LSD1+8a expression+Log2P-value(H69, SBC5, H209, DMS114, A549)(H446, SHP-77, H1155, DMS79)(fold change)SOX265.1510.47−2.640.134POU5F1B0.880.63−0.490.636KLF45.140.80−2.680.088MYC29.4435.580.270.727CD4425.667.94−1.690.096PROM117.111.55−3.460.003**[^3]

3.2. Correlation of LSD1+8a and neuroendocrine markers {#s0070}
------------------------------------------------------

To validate the database search results, the expression of genes involved in neural differentiation, including those for chromogranin A (CHGA), synaptophysin (SYP), neural cell adhesion molecule (NCAM), enolase 2 (ENO2), beta-1,3-glucuronyltransferase 1 (B3CAT1), and gastrin-releasing peptide (GRP), was analyzed by qPCR. The correlation between the expression of these neural markers and LSD1+8a was then investigated in human cancer cell lines ([Fig. 2](#f0010){ref-type="fig"}). The Pearson correlation coefficients were significant between LSD1+8a and the expression of CHGA ([Fig. 2](#f0010){ref-type="fig"}A, R=0.93, p\<0.05), SYP ([Fig. 2](#f0010){ref-type="fig"}B, R=0.62, p\<0.05), NCAM ([Fig. 2](#f0010){ref-type="fig"}C, R =0.93, p\<0.05), and ENO2 ([Fig. 2](#f0010){ref-type="fig"}D, R=0.93, p\<0.05) but not B3CAT1 ([Fig. 2](#f0010){ref-type="fig"}E, R=−0.22) and GRP ([Fig. 2](#f0010){ref-type="fig"}F, R=−0.15). Thus, a significant positive correlation was observed between LSD1+8a and neuroendocrine marker genes in human cancer cell lines, suggesting that LSD1+8a could mediate the expression of neuroendocrine marker genes in cancer cell lines.Fig. 2Pearson correlation of LSD1+8a and neuroendocrine marker gene expression in human cancer cell lines. A) Chromogranin A (CHGA), B) synaptophysin (SYP), C) neural cell adhesion molecule (NCAM), D) enolase 2 (ENO2), E) beta-1,3-glucuronyltransferase 1 (B3CAT1), and F) gastrin-releasing peptide (GRP) mRNA expression in 12 human cancer cell lines was analyzed by qPCR. Pearson\'s correlation coefficient is displayed in the upper left corner.Fig. 2

3.3. Suppression of LSD1+8a repressed the expression of neuroendocrine markers {#s0075}
------------------------------------------------------------------------------

To investigate whether LSD1+8a is involved in the expression of neuroendocrine marker genes in SCLC, an siRNA targeting LSD1 exon 8a was designed to specifically knockdown the LSD1+8a isoform. H187 and H446 cells were transfected with specific siRNA targeting LSD1 exon 8a or control siRNA, and qPCR was performed ([Fig. 3](#f0015){ref-type="fig"}A and B). As expected, suppression of LSD1+8a led to a decrease in LSD1+8a mRNA expression but not LSD1 mRNA expression. This knockdown also led to a significant decrease in the expression of CHGA, ENO2, NCAM, SYP, and B3CAT1, suggesting that LSD1+8a could regulate the expression of neuroendocrine marker genes in SCLC. On the other hand, the expression of stem cell marker genes tended to be higher in these cells transfected with siLSD1+8a ([Fig. 3](#f0015){ref-type="fig"}C). Although the differences in some of stem cell marker genes did not reach statistical significance, the trend is just the opposite of the neuroendocrine marker genes, suggesting that LSD1+8a could play an important role in neural differentiation in SCLC.Fig. 3Effect of LSD1+8a suppression by siRNA on expression of neuroendocrine marker genes. A) LSD1 and LSD1+8a mRNA expression was analyzed by qPCR in H187 and H446 cells transfected with specific siRNA against LSD1 exon 8a or control siRNA. The expression of each control mRNA was set to one. B) Chromogranin A (CHGA), synaptophysin (SYP), neural cell adhesion molecule (NCAM), enolase 2 (ENO2), and beta-1,3-glucuronyltransferase 1 (B3CAT1) mRNA expression was analyzed by qPCR in H187 and H446 transfected with specific siRNA against LSD1 exon 8a. Expression of each control mRNA was set to one. C) SOX2, POU5F1B, KLF4, MYC, CD44, and PROM1 mRNA expression was analyzed by qPCR in H187 and H446 transfected with specific siRNA against LSD1 exon 8a. Expression of each control mRNA was set to one. Data are presented as the mean±S.D. in triplicate experiments. \*P\<0.05 vs siLSD1+8a \# 1. ^+^P\<0.05 vs siLSD1+8a \# 2.Fig. 3

3.4. Suppression of LSD1+8a repressed the cell viability {#s0080}
--------------------------------------------------------

To investigate how suppression of LSD1+8a expression affects SCLC cell viability, a proliferation assay was performed following transfection with siLSD1+8a or control siRNA ([Fig. 4](#f0020){ref-type="fig"}A and B). Interestingly, compared to in control conditions, siLSD1+8a significantly repressed cell viability in H187 and H446 cells with LSD1+8a expression. However, there were no effects on SBC3 and SBC5 cells without LSD1+8a expression, suggesting that suppression of LSD1+8a inhibits cell viability in SCLC with LSD1+8a expression.Fig. 4Effect of LSD1+8a suppression by siRNA on the cell viability. A) A cell proliferation assay was performed using H187 and H446 cells transfected with siLSD1+8a or control siRNA at 24, 48, and 72 h. The optical density at 24 h was set to one. B) A cell proliferation assay was performed using SBC3 and SBC5 cells transfected with siLSD1+8a or control siRNA at 24, 48, and 72 h. The optical density at 24 h was set to one. Data are presented as the mean±S.D. in triplicate experiments. \*P\<0.05 vs siLSD1+8a \# 1. ^+^P\<0.05 vs siLSD1+8a \# 2.Fig. 4

3.5. LSD1+8a induced resistance to chemotherapeutic agents {#s0085}
----------------------------------------------------------

To evaluate differences in sensitivity to chemotherapeutic agents between SCLC cell lines with high and those with low LSD1+8a expression, a chemosensitivity assay was performed using CDDP and LSD1 inhibitor, S2101, which was developed as a TCP-analogue with LSD1 inhibitory activity ([Fig. 5](#f0025){ref-type="fig"}A and B). The IC~50~ values of CDDP against H446 and H187 were 5.51±0.40 μM and 6.59±0.22 μM, respectively, whereas those against SBC3 and SBC5 were 0.82±0.35 μM and 0.64±0.13 μM, respectively. The IC~50~ of S2101 against H446 and H187 were 46.87±4.23 μM and 37.69±13.21 μM, respectively, whereas those against SBC3 and SBC5 were 8.01±3.00 μM and 6.34±3.31 μM, respectively. These results indicated that SCLC cells with high LSD1+8a isoform expression were more resistant to CDDP and S2101. Taken together, neural differentiation induced by LSD1+8a in SCLC could lead to CDDP and LSD1 inhibitor resistance.Fig. 5In vitro chemosensitivity assay in SCLC cell lines. SCLC cell lines including H446, H187, SBC3, and SBC5 were seeded in 96-well flat bottom plates and cultured for 72 h or 7 days in the absence or presence of various concentrations of cisplatin (CDDP; A) and LSD1 inhibitor (S2101; B). IC~50~ values are presented as the mean±S.D. in triplicate experiments. \*P\<0.05 vs H446. ^+^P\<0.05 vs H187.Fig. 5

4. Discussion {#s0090}
=============

In this study, we detected LSD1+8a in SCLC cell lines and in clinical specimens; LSD1+8a mRNA has been reported to be restricted to neural tissues. There were significant positive correlations between LSD1+8a and the expression of neuroendocrine differentiation genes in human cancer cell lines. The suppression of LSD1+8a by siRNA led to a decrease in the expression of neuroendocrine marker genes and inhibited cell proliferation in SCLC cell lines. Moreover, cells with high expression of LSD1+8a were resistance to CDDP and LSD1 inhibitor, suggesting that LSD1+8a could play a critical role in SCLC.

LSD1+8a has been reported to have a key role in differentiation in neural tissues [@bib20], [@bib21]. In our study, neuroendocrine marker genes were downregulated by suppression of LSD1+8a in SCLC cell lines. This finding indicates that LSD1+8a is involved in neural differentiation in SCLC. However, it is unclear how LSD1+8a can regulate neuroendocrine marker expression. Benoit et al. revealed that LSD1+8a is essential for neural maturation by activating target gene expression though H3K9me2 demethylation [@bib19]. The simplest hypothesis is that LSD1+8a regulates specific subsets of target genes such as CHGA, SYP, and NCAM by demethylation of the H3K9, which is associated with gene activation. However, Toffolo et al. demonstrated that phosphorylation of the second residue encoded by exon 8a converts LSD1+8a into a dominant negative enzyme isoform that is unable to repress gene transcription though dissociation of CoREST and the HDAC1/2 corepressor complex [@bib21]. Future studies are required to elucidate the mechanisms of neural differentiation induced by LSD1+8a in SCLC.

In general, SCLC is considered to be the most aggressive form of lung cancer and is associated with a less favorable outcome [@bib1]. However, there are certain cases that appear sensitive to chemotherapy and irradiation, which is generally associated with a favorable outcome. It is difficult to distinguish SCLC subtypes according to prognosis by histopathological findings. Expression profiling has been reported to have the ability to predict prognosis more accurately. Large-scale gene expression analyses revealed that neuroendocrine gene expression is associated with a less favorable outcome in lung cancer [@bib23], [@bib24]. It has also been recently reported that patients with SCLC with low neuroendocrine marker expression, including for CHGA, SYP, and NCAM, comprise an identified subset with good prognosis [@bib25]. We demonstrated significant positive correlations between LSD1+8a expression and neuroendocrine genes, including those of CHGA, SYP, and NCAM. Moreover, SCLC cell lines with high LSD1+8a isoform expression were resistant to LSD1 inhibitor, which is a novel target for cancer therapy [@bib26], [@bib27], [@bib28]. These findings suggested that high expression of LSD1+8a could be considered not only one of the candidates of surrogate marker for the prediction of prognosis but also a novel target that should be focused to improve outcome in patients with SCLC.

The most fascinating aspect of this study is that it is the first report showing that LSD1+8a is expressed in SCLC, wherein it plays a critical role. These results contribute to the understanding of the epigenetic modifier, LSD1+8a, which should be considered a novel surrogate marker and novel therapeutic target for SCLC.
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